OR File No. 16366-lUS 

- 1- 

SOIL WATER POTENTIAL DETECTOR 

BACKGROUND OF THE INVENTION 
i) Field of the invention 

[0001] The present invention relates to a soil water detector and more 
particularly to a device for monitoring water potential within a soil. The present 
invention also relates to a water potential detector for an irrigation system 
comprising a probe that allows the monitoring of water content within the soil. 

it) Description of prior art 

[0002] Saving irrigation water is an increasing concern among growers. 
Actually, reliable soil water content or suction measurements are the basics of a 
proper irrigation management for saving water and fertilisers. In nursery and 
greenhouse production, the water available to plants is stored within the potted 
substrate. As the amount of water remains limited by the volvmie of the container, 
additional water therefore needs to be added to the crop through different 
irrigation systems. Irrigation water is also needed for vegetable and orchard crops 
to improve yield, since such productions are often grown on coarse and sandy 
soils to provide a good drainage. However, as a result of this fast drainage, soil 
water retention is limited. In addition to the fact that the risk of drought increases 
with global warming, the proper tools used to initiate irrigation are limited. 

[0003] Usually, irrigation is scheduled based on meteorological data, visual 
inspection (colour of soil or substrate), appearance of the crop or use of timers. 
Soil moisture sensors represent an alternative to the more conventional techniques 
for scheduling irrigation. Sensors are designed to measure the suction forces 
retaining water within the soil matrix, which is conraionly referred as soil water 
potential. Water potential is defined as the potential energy of water per unit mass 
of water in the system. The total water potential of a soil is the sum of four 
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component potentials: gravitational, matrix, osmotic, and pressure. Gravitational 
potential depends on the position of water in a gravitational field. Matric potential 
depends on the adsorptive forces binding water to a matrix. Osmotic potential 
depends on the concentration of dissolved substances in water. Pressure potential 
depends on the hydrostatic or pneumatic pressure on water. Matric potential is a 
force strong enough to prevent water from being absorbed by the plant and in non 
saline soil, matric potential is the dominant driving force limiting water 
availability to plant. Therefore, the measurement of matric potential is very 
advisable for water and irrigation management. 

[0004] Different soil water potential sensors have been described in the art. 
However, the existing devices suffer from limitations. For managing irrigation in 
organic growing media, such as nurseries or greenhouse crops, time or frequency 
domain reflectometry systems constitute alternatives. These technologies 
measure soil water content, a parameter indirectly linked to soil water potential. 
These technologies however face important reliability problems since the length 
of the electrodes needed with such technology in small size pot is not sufficient 
and their price is very high. In addition, it was demonstrated that the signal is 
sensitive to soil solution having high electrical conductivity. Moreover, these 
systems require calibration to infer water potential and therefore lack of accuracy, 
especially in organic growing media. Other types of sensors which directly 
measure soil water potential are accurate but are very expensive and tricky to use. 
Indeed, the output signal of these sensors often need a human interpretation and 
most of these devices have to be routinely calibrated. Finally, most of the 
proposed sampling devices are not designed to properly start the irrigation and 
without signal interpretation neglect the adequate interruption of irrigation. 

[0005] Recently, a simple electro-optical device that may operate in growing 
media was introduced. This device is based on the use of an infrared light emitting 
diode and photodiode. The LED diode emits a light signal, which is transmitted in 
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higher amount as the water content increases in a porous translucent body made 
from nylon. Although this technology appeared promising, nylon filter coupled 
with LED gave unreliable results. Indeed, the proper operation of a nylon filter in 
growing media requires pores that are quite large i.e. pores having at least a 30 
)j,m diameter. Moreover, it requires a good contact area, a proper response time 
and a structure sufficiently strong to allow the insertion of the device into the 
growing media without loosing contact with the soil. Unfortunately, these 
important characteristic cannot be reached with the nylon filter. Moreover, it is 
known in the art that nylon filters provide an output signal that needs 
interpretation, a feature convenient for researchers but inappropriate for growers. 

[0006] Considering the state of the art described above, it would be highly 
desirable to be provided with a soil water potential measurement device that can 
be used to control the initiation and the termination of an irrigation, which is 
efficient, affordable and easy-to-use. 

SUMMARY OF THE INVENTION 

[0007] One aim of the present invention is to provide a porous probe made of 
an agglomerated material and designed to be inserted in a solid medium e.g. a soil 
in which the humidity level or liquid saturation can vary. The optical properties of 
the probe are modified depending on whether a liquid such as water, has reached a 
given potential (or suction value). At high suction, little water is absorbed by the 
porous probe from the soil and the optical properties suddenly change from 
transmittance when wet (low suction) to opalescent.. 

[0008] Another aim of the present invention is to provide a device for 
measuring the availability of a liquid in a medium, wherein the measuring device 
comprises at least one probe made of a porous agglomerated material. This porous 
probe is designed to be inserted in the solid medium, where its optical properties 
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are modified in the presence of a liquid, such as water, therein. The probe is 
associated with a means for monitoring its optical properties, as modified by the 
presence of the liquid. 

[0009] More particularly, the present invention relates to a liquid detector for 
determining absence or presence of a liquid in a solid, which comprises: 

at least one probe adapted for intimate contact with the solid, and 
comprising a light impervious material capable of absorbing the above mentioned 
liquid, and gradually becoming translucent as the liquid is being absorbed therein; 

means associated with the probe for detecting light translucency in the 
light impervious material after the light impervious material has absorbed the 
liquid therein; and 

signal means operating in response to the light translucency detecting 
means to indicate the presence of the above liquid in the impervious material, 
wherein the light impervious material comprises a porous fritted material. 

[0010] Still more particularly, the invention relates to an apparatus for 
detecting the absence or presence of water at a given potential value in the soil. 

[0011] The invention also relates to a method for determining the presence 

of a liquid in a solid, which comprises, 

providing at least one probe adapted for intimate contact with the solid, the 
probe comprising a light impervious material gradually becoming translucent as 
the liquid is being absorbed therein and comprising a porous fritted material 
capable of absorbing the liquid; 

inserting the probe into the soil and absorbing the liquid in the light 
impervious material; 
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detecting light translucency in the light impervious material after the light 
impervious material has absorbed the liquid therein; and 

converting the results obtained when detecting light translucency into 
ail indication of the presence of the liquid in the light impervious m aterial 

BRIEF DESCRIPTION OF DRAWING 

[0012] Having thus generally described the nature of the invention, reference 
will now be made to the accompanying drawing, showing by way of illustration, a 
preferred embodiment thereof, and in which: 

[0013] Fig. 1 is a schematic illustration of a water detector according to the 
present invention. 

[0014] It will be noted that throughout the appended drawing, like features are 
identified by like reference numerals. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0015] With reference to the drawing, it will be seen that a liquid detector 8 
according to the invention comprises a probe generally identified by reference 
numeral 9, that consists of a cylindrical porous member 14 made of a light 
impervious, porous, fritted material that will be described more in detail later. It 
will be understood that the porous member 14 is fixed to a cylindrical support 12 
as shown. 

[0016] Also as shown, liquid detector 8 includes a circuitry permitting to 
determine if water is available for the purpose of the grower. 

[0017] More particularly, it will be seen that porous member 14 has an upper 
portion 15 that extends inside support 12 as shown. Inside support 12, there is also 
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provided an LED diode 18 that emits light rays in a direction transverse to upper 
portion 15. In addition, there is provided a photodiode 20 that is also mounted 
inside support 12 in known manner and that operates in response to light 22 
emitted by the LED diode 18. If the light emitted by LED diode 18 passes through 
portion 15, it will be received by photodiode 20 that will operate to activate an 
indicator, here a buzzer 16. LED diode 18 and photodiode 20 are connected on 
one hand to control device 24, and on the other hand to buzzer 16, through 
electronic circuitry optic fibers schematically illustrated at 26 and 28 respectively. 
To operate liquid detector 8, a power supply 10 is provided, and the choice is left 
entirely to one skilled in the art. 

[0018] The nature of porous member 14 is critical for a proper operation of the 
water detector according to the invention. Essentially, porous member 14 and its 
upper portion 15 are made of a light impervious material that gradually becomes 
translucent as it absorbs water. To achieve this it has been found that the light 
impervious material is preferably made of porous fritted material. A preferred 
material is one obtained by filling glass beads in a metal mold and gradually 
heating them until achieving melting at the contact points between the beads. The 
partially fused beads are then slowly cooled to avoid cracking. The nature of the 
glass beads, the temperature steps involved in obtaining a fi*itted material and the 
size of the mould are chosen in dependence of the specific speed at which water is 
absorbed or desorbed by the light impervious material or saturate the material at a 
given soil water potential. 

[0019] When the' soil in which probe 9 is introduced, is dry, porous member 14 
remains dry and therefore is opalescent, thereby preventing the passage of light 
through it. This results in the production of a message sent by the LED diode- 
photodiode 18, 20 to buzzer 16, indicating that there is a need for more water or 
inversely. It will be recognized by someone skilled in the art that the buzzer can 
be replaced by a visual, or electronic waming signal, or any other kind of signal. 
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The warning signal can alternatively be transmitted through visible light, infrared 
or ultraviolet radiations, or the like. In the latter case, light or radiations may be 
calibrated to determine light translucency degrees corresponding to predetermined 
quantities of liquid in the solid. 

[0020] The length, the shape, and the size of the probe support can vary 
depending on the targeted use. Here, it has been illustrated as cylindrical. This 
shape may of course vary at great length. 

[0021] The indicator can be programmed to automatically activate, for 
example but is not limited to, an irrigation system. In such a case, when the soil, 
and therefore the porous member 14 including the upper portion thereof become 
saturated with water, the electronic management system is turned on hold, and the 
indicator may be tumed off 

[0022] It is understood that LED diode 18 as well as photodiode 20 can be 
remote from the probe while respectively sending and receiving light signals 
through optic fibers. 

[0023] The optical properties of the porous member 14 can be modified with 
respect to the physico-chemical piroperties of the liquid to be detected. 

[0024] As one purpose of the present invention is the control of soil irrigation 
systems, the liquid for which the present invention was designed is principally 
water. However, a skilled artisan could benefit from the particular properties of 
the invention for other uses such as measuring the level of a liquid contaminant in 
a soil or evaluating the liquid retention properties of a particular material (e.g. an . 
insulating material). Therefore, any liquid that could modify the optical 
properties of the probe would be considered as embodied by the present invention. 

[0025] The probe of the present invention is generally cylindrical and usually 
10 to 100 mm, long. It can also be disk shaped for specific applications (sensing 
the potential in a porous body like a capillary mat or a surface soil for example). 
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The length of the probe and its shape are designed to optimize the sampling of the 
medium in which it is inserted. The length of probe 9 can be adjusted depending 
on the needs for which it is used. For example, in mineral soils in which 
monitoring suction or water content are located at different levels, the probe for 
stopping irrigation should be positioned deeper than the rooting system. Also, for 
subirrigation devices, i.e. irrigation from the bottom to the top of the medium, the 
probe for stopping irrigation should be placed at the bottom of the recipient to be 
irrigated, as water rises very slowly from the bottom to the top part of the pot. On 
the contrary, the probe for starting irrigation should be located in the mid root 
zone for both mineral soils and subirrigation systems. Therefore, proper irrigation 
ideally requires two probes (one in the root zone to start irrigation, and one at the 
bottom to stop it) or one sensor made of two porous probes, each porous probe 
having its own LED photo diode reading system. 

[0026] According to the present invention, the pores of porous member 14 
preferentially have a size comparable to the size of the pores of the medium in 
which it is inserted, so as to allow a good hydraulic contact between both media. 
Preferably, the pores of the probe range from 2 to 500 jim. The size of the pores 
and the length of the probe both contribute to a proper time response. Normally, a 
significant modification of the optical properties of the porous probe occurs 
within one minute following the presence of a liquid therein, while five minutes 
are required for a return to the initial optical properties when testing a generally 
dry soil. 

[0027] To insure the transmittance of light, the material used for the fabrication 
of the porous member must be, at least, translucent by itself. For example, glass 
beads or stone dust may be used. The porous member can be made by filling a 
metallic mold with glass beads and heating them in incremental steps, to a degree 
merely sufficient to provoke a melting at the points of contact between glass 
beads. The fused glass beads are then slowly cooled down, to avoid cracking. 
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Glass beads, temperature steps and mould size are chosen depending on the 
intended application so that water enters or is released from the bead mixture at 
specific speed and saturates the porous member at selected soil water potential. 
Light transmittance changes in the porous member induced by the substrates and 
the soil water are important enough to allow the transmission of infrared light 
under saturated conditions. 

[0028] The agglomerated fritted material may be adapted specifically to the 
nature of the soil and to the limit of the cut-off be point to be reached. The soil 
has a natural potential (threshold potential) at which water movement to the plant 
becomes limiting. The size of the glass beads has to be properly adapted so as to 
change it translucency around that potential. Therefore, when the tip is in contact 
with the soil, it equilibrates to the same potential. If the threshold potential is 
reached, the porous tip suddenly changes its translucence. Therefore, the porosity 
of the fritted material could be adapted, for example, to growing media for 
nursery, for greenhouses or to mineral soils. Moreover, the agglomerated fritted 
material should bet adapted to a specific use. For example, the fritted material can 
be used for initiating or stopping irrigation, or may be adapted to the nature of a 
soil such as growing media for vegetable, for omamental crops, nurseries, or 
mineral soils. As the probe is custom made, there is no need for subsequent 
calibration or adjustments. 

[0029] Altematively, the sensor can be made such that changes in optical 
transmitting properties of the porous member are gradually monitored dependent 
on the water content therein. A proper size distribution of the beads used to 
manufacture can also be useful to do so. 

[0030] Systems for dual-sampling i.e. simultaneously sampling at two different 
levels can be manufactured to efficiently start and stop irrigation with increased 
efficiency. In that case, the principle relies on locating two porous probes 
according to the invention at two different levels, one at the top initiating the 
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irrigation and the other one at the bottom, stopping the irrigation. The critical 
properties of the probes may vary. Both probes can be connected to the same 
electronic circuit or to independent circuits. The dual-sampling system can also be 
inverted for subirrigation management. In a device for sampling at two different 
levels, both probes are desaturated almost simultaneously. However, in rising 
irrigation systems, it is known that proper rewetting occurs when free water 
reaches a given height from the bottom of the recipient and therefore irrigation 
may be stopped when water resaturates the lowermost probe. The dual sampling 
system is efficient even if the top part of the soil is dry. Such a system would 
considerably improve water savings during irrigation. 

[0031] While the invention has been described in connection with specific 
embodiments thereof, it will be understood that it is capable of further 
modifications and this application is intended to cover any variations, uses, or 
adaptations of the invention following, in general, the principles of the invention 
and including such departures from the present disclosure as come within known 
or customary practice within the art to which the invention pertains and as may be 
applied to the essential features herein before set forth, and as follows in the scope 
of the appended claims. 



